† Deceased I-compounds are endogenous bulky DNA modifications which are detected by nuclease P1-enhanced 32 P-postlabeling in tissue DNA of animals not knowingly exposed to carcinogens. Their profiles and levels depend inter alia on animal age, species, strain, tissue, gender, diet and exposure to chemicals such as cytochrome P450 inducers and carcinogens. Due to lack of sufficient material obtainable from in vivo sources, chemical structures of I-compounds and their parent normal bases have not yet been identified. In this report we provide 32 P-post-labeling and chromatographic evidence that two prominent I-compounds, herein called C1 and C2, which occur at relatively high levels in pig liver DNA are guanine derivatives. This result was obtained by showing that both compounds, isolated from 32 P-post-labeling thinlayer maps, were chemically unstable, i.e. they could be readily hydrolyzed to 32 P-post-labeled deoxyguanosine 3Ј,5Ј-bisphosphate by heating in water. C1 appeared particularly labile, undergoing hydrolysis during thin-layer chromatography at pH 3.3 without heating. Several other I-compounds and adducts, as well as the four normal DNA nucleotides, were, however, highly resistant to hydrolysis under the conditions used here. The possible significance of these findings will be briefly discussed.
Introduction
I-compounds are bulky non-polar endogenous covalent DNA modifications which increase with age in tissues of untreated laboratory animals (1) and are readily detected by the nuclease P1-enhanced version (2) of the 32 P-post-labeling assay (3) (4) (5) . Under these conditions, most I-compounds appear chemically stable, i.e. they give rise to distinct spots on two-dimensional thin-layer chromatography (TLC) maps and can be chromatographed in systems of different pH without decomposition (1, (6) (7) (8) (9) . I-compounds have been classified into two major groups, i.e. type I and type II (9) . Type I I-compounds appear to be products of normal intermediate metabolism. Many type I I-compounds may have protective functions in carcinogenesis and aging and thus may be functionally important (9, 10) . The formation of type I I-compounds is determined by genetic and environmental factors, as their profiles and levels show considerable variation depending on species, strain, tissue and gender and they are also affected by diet and chemical and hormonal exposures. A depletion of many type I I-compounds is observed during carcinogenesis and in neoplastic tissues (11) (12) (13) (14) . Conversely, dietary restriction, the most effective method to retard carcinogenesis and aging, enhances type I I-compound levels. Other observations consistent with a functional role of some type I I-compounds include circadian variation (15) and positive correlations of their levels with median lifespan of mice and rats (9) .
Type II I-compounds, on the other hand, represent bulky oxidative DNA lesions whose levels are enhanced by prooxidant carcinogens in target tissue (14) as well as in untreated neonatal tissues (16). Several type II I-compounds can be synthesized in the test tube by oxidizing DNA or oligonucleotides under Fenton reaction conditions (17, 18) , leading to putative intrastrand base-base (18, 19) and base-sugar (19) cross-links.
Two hepatic I-compounds, termed C1 and C2, which are the subject of this report and appear unrelated to oxidative stress, show the unusual property that they are hydrolyzed under relatively mild conditions to normal guanine nucleotides. Most DNA adducts are quite stable under these conditions, except for adducts substituted on N7 of guanine or N3 of adenine, which readily depurinate, leading to formation of abasic sites. In general, I-compounds also appear stable, at least as judged from their chromatographic behavior, although this point has not as yet been thoroughly investigated.
Materials and methods

Tissue isolation
Freshly isolated liver tissue (5-10 g) from 4-month-old untreated male Yorkshire pigs kept on a mini-pig breeders 5082 diet (Purina, Richmond, IN) was kindly provided by Dr T.Shibano (Center for Experimental Therapeutics, Baylor College of Medicine, Houston, TX). Tissue was kept at -70°C.
P-post-labeling
Materials for 32 P-post-labeling have been previously reported (2, 9) . The nuclease P1-enhanced bisphosphate version for analysis of I-compounds was performed as described (6) , with the following modifications. (i) After overnight ascending development of the labeled digest (D1) in 2.3 M phosphate buffer, pH 5.75, the central (C) cut was taken from an area 1.4-2.6 cm above the point of application. (ii) Development of the C cut was in 0.32 M sodium phosphate, 0.2 M Tris-HCl, 3.4 M urea, pH 8.2, to 14.5 cm from the origin for the first dimension (D3), followed by 2-propanol, 4 N ammonium hydroxide (3:5 v/v) to 10 cm for the second dimension. These changes were made because of the instability primarily of C1 in the standard lithium formate/urea solvent systems at pH 3.3 (see below). Labeled compounds were detected by screen-enhanced autoradiography at -70°C or by imaging using a Packard InstantImager. X-ray film was Kodak XAR-5 unless stated otherwise.
Isolation of nucleotides
The spots were excised and extracted as described (20) with 2-propanol, 6 N ammonium hydroxide (1:1 v/v). After centrifugation and evaporation of the eluant, residues were taken up in double-distilled water and analyzed in a liquid scintillation spectrometer. Aliquots of the solutions were used for further experiments. Normal nucleotide spots were isolated from a map of 32 P-postlabeled normal nucleotides. 
Hydrolysis
Hydrolysis reactions were carried out at 60 (C1) or 90°C (C2) in solutions containing 10 c.p.m./µl for different times. The higher temperature was chosen for C2 because of its greater stability. Aliquots were concentrated to 35-45 c.p.m./µl in a SpeedVac evaporator before spotting~200 c.p.m. for chromatographic analysis in different solvents (see below). All solutions were kept at -70°C until chromatography. Co-and re-chromatography A total of seven solvents was used in order to match the hydrolysis products with deoxyguanosine 3Ј,5Ј-bisphosphate (dpGp) (see Results and discussion). Aliquots of the solutions to be compared corresponding to~200 c.p.m. were re-chromatographed by one-dimensional TLC individually and after mixing with dpGp (200 c.p.m.), which was also run by itself. Chromatography was terminated when the front reached 15 cm above the origin, then chromatograms were autoradiographed for 2-3 days at -70°C.
Quantitative time course analysis
The radioactivity of corresponding spots from three chromatograms was measured, expressed as c.p.m. Ϯ SD and plotted as a function of the reaction time.
Rat kidney I-compounds and benzo[a]pyrene (B[a]P) adducts
Rat kidney I-compounds were 32 P-post-labeled and mapped as described previously (9); major spots C9 and C10 were isolated for hydrolysis tests. B[a]P adducts (spots 2, 4 and 8) were isolated from 32 P-post-labeled DNA of H4IIE hepatoma cells treated with 10 -5 M B[a]P as previously described (21) and subjected to hydrolysis (see Results and discussion). Figure 1 illustrates separation of the C fraction from pig liver DNA into its major constituents C1 and C2, which appeared to be present in approximately equal amounts (RAL µ 0.6ϫ10 -7 ), as judged by 32 P-post-labeling, and together corresponded to~40% of all type I I-compounds in this tissue. C1 and C2 were also detected in rat liver DNA, albeit at much lower levels (S.V.Vulimiri, G.-D.Zhou, K.Randerath and E.Randerath, in preparation). When subjected to standard 32 Ppost-labeling TLC conditions involving development in a lithium formate/urea system (pH 3.3) at room temperature as part of the procedure, C1 but not C2 formed a streak, suggesting decomposition. This is shown in Figure 2A . In order to confirm this interpretation, the bottom (BO) and streak (ST) portions of the labeled material were excised and extracted separately from the polyethyleneimine (PEI)-cellulose layer. Re-chromatography in a phosphate/Tris/urea (pH 8.2) solvent ( Figure 2B) showed the BO area to consist mainly of material chromatographing like undecomposed C1, while the ST area consisted almost exclusively of a faster moving spot which co-chromatographed with added dpGp (lane e). These findings were confirmed in several other solvents (data not shown).
Results and discussion
In order to gain more precise information about the stability of C1 and the possible formation of dpGp as its decomposition product, C1 was extracted from duplicate maps and subjected to mild hydrolysis in test tube experiments. As there was no evidence for decomposition of C2 during chromatography at pH 3.3, C2 was included in this experiment on the assumption that it could serve as a negative control. Eluates of both spots were, therefore, dried, taken up in water and heated for different periods of time at temperatures ranging from 60 to 90°C. These experiments showed that both C1 and, to a lesser extent, C2 were unstable and gave rise to a single product chromatographing like dpGp. Figures 3 and 4 show representative examples. The slight contamination of the C2 eluate with dpGp arose during extraction of the compound from the thin layer (data not shown). While four chromatographic systems have been illustrated here (see figure legends), the following three additional solvents gave comparable results (maps not shown): (i) 0.3 M Tris-HCl, 0.3 M boric acid, 6 mM EDTA, 0.78 M sodium chloride, 4.8 M urea, pH 8.0; (ii) 0.35 M sodium phosphate, 3.5 M urea, pH 6.4; and (iii) 3 N ammonium hydroxide, 1-propanol, 83 mM ammonium chloride (5:2:3 v/v). In each of the seven systems, a compound matching dpGp was the only reaction product formed.
As shown in Figure 5 for both C1 and C2, about half of the starting material was converted to dpGp in 1-1.5 h under the conditions used. Figure 6 illustrates that two major rat kidney type I Icompounds, C9 and C10, whose RAL values were previously reported (9) to be similar to those of the present C1 and C2 nucleotides, appeared stable (Ͻ3-5% decomposition) when Thus two major 32 P-post-labeled type I I-compounds, C1 and C2, in porcine liver DNA were unstable when heated in water at 60-90°C. [ 32 P]dpGp was the only detectable radiolabeled product of this reaction and C1 appeared especially labile, as C1 but not C2 underwent extensive decomposition to dpGp when chromatographed at pH 3.3 and room temperature in lithium formate/urea. The latter observation made it necessary to modify the standard conditions for the resolution of I-compounds. Our results thus show C1 and C2 to be unstable guanine derivatives. On the other hand, some other I-compounds, most carcinogen-DNA adducts and the normal nucleotides are quite stable under these conditions (see Introduction and Figure 6 ).
It is tempting to speculate that demodification of endogenous adducts may occur in vivo and have biological significance in relation to the regulation of I-compound profiles and levels (see Introduction); they could be involved, for example, in the circadian rhythm of certain I-compounds (15) , in diet-dependent and xenobiotic-induced changes of their steady-state levels (14, (23) (24) (25) and in the regulation of their age dependence (9, 10) . Enzymes such as specific I-compound modifying enzymes and corresponding hydrolases may con-ceivably exist that would catalyze specific modification and demodification reactions.
From a technical point of view, hydrolytic demodification of certain 32 P-post-labeled exogenous and endogenous adducts can be used to identify the major base to which the adduct moiety is bound and thus help in their structural identification. Decomposition of adducts or I-compounds on the PEI-cellulose layer during TLC, as noted here for C1, appears to be a rare phenomenon which we have not observed before. Streaking of adduct spots is usually caused by a chromatographic problem, such as choice of an unsuitable solvent, and does not involve chemical decomposition.
